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1. a) a speech signal with average power 0 dBm is added to a 60 Hz tone with level -6 dBm. 
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What is the total resultant power expressed in mW? (1 pt) 
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b) an audio amplifier has voltage gain of 30. 
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c) Give the vertical axis units for the three types of spectral illustration. (2 pts) 

i) Fourier series 
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ii) Amplitude spectral density 


iii) Power spectral density. 
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2. AM transmitters must not exceed 100% modulation otherwise the clipping effect illustrated 
below may result. When negative modulation voltage is applied, the modulator effectively 
multiplies by zero. The distorted output waveform has harmonic components that increase 
the bandwidth of the transmitted signal and cause interference in adj acent radio frequency 
bands. Illustrate the transmitted spectrum for an extreme case where the transmitted signal 
resembles that of modulation of a 10 kHz carrier (with amplitude 20 volts) by a half-wave 
rectified unit amplitude 1 kHz sinusoid. The spectrum of the half-wave sinusoid is 
reproduced for convenience. (3 points) 
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3. Wattmeters can be configured to measure in-phase power (real power) and quadrature power 
(VARs). Consider the wattmeter circuit below to be a QAM communication system where 
the in-phase modulating signal is the conductance of the resistor and the quadrature modulating 
signal is the susceptance of the capacitor. The transmitted signals are read independently on 
the two wattmeters in the receiver. Relate each element of the “standard” QAM block 
diagram below to an element or point in the “wattmeter communication system”. For 
example: a) how are the transmitter multipliers implemented? b) how does summation take 
place in the transmitter? c) where is the 90 degree phase shift in the receiver? d) where are the 
multipliers in the receiver? and e) where are the lowpass filters in the receiver to remove the 
double frequency output? (4 points) 
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4a. Complete the following drill problem. (1 point) 


Drill Problem 3.3 - Phase Modulation — In the waveforms illustrated in the figure below, assume that the carrier 1 

frequency is 1 MHz, the carrier amplitude is 25 volts and the peak modulation voltage is 
following questions with a precision of 2 decimal places. 

1.5 volts. Answer the 

a) Determine kp , the gain coefficient of phase modulation. 


b) Determine the phase advance (in radians) when the modulation voltage is +0.75 V. 

1.1 H 

c) What is the modulation frequency (in MHz)? 

0.06 ^ 

Checksum 

7.39 


Time Waveforms (3 p = 6.28 



4b. An unmodulated carrier has normalized power equal to 50 watts. (3 points) 


a) Individually determine the power in the carrier and in the AM sidebands when the 
carrier is AM-DSB-TC modulated with a 1 kHz sinusoid with modulation index p. = 
0.20. (watts) 

b) Determine the total transmitted signal power when the carrier is phase modulated (PM) 
with a 1 kHz sinusoid with modulation index p = 0.20. (Note that in phase 

modulation, the transmitted signal amplitude is constant). 

c) Individually determine the power in the carrier and in the first order (i.e. fundamental) 

PM sidebands. (It will be useful to recall Parseval’s theorem). 
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5. Modem communication receivers use complex signal processing with “analytic” signals. An 
analytic signal designated m+(t) has only positive frequency components and can be expressed 

as m + (t) = m(t) + In practical signal processing, two wires or two sample streams are 

required for each analytic signal 

In the “phase shift” method of generating single sideband illustrated below, identify the 
analytic signals. (1 pt) Discuss how the -90 degree phase shift can be implemented for a 
sinusoid and for a realistic (wideband) signal such as voice. (2 pts). Expand the block 
diagram below so that it provides an analytic signal at the output. (2 pts) 
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C W = 2sincw 
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2 sin s cos t = sin (s-t) + sin (s + t) 

2 cos s cos t = cos (s - f) + cos (5 + /) 
2 sin s sin t = cos (s-t)- cos (5 + t) 
cos (s + t) = cos s cos / - sin s sin t 
sin (5 + t ) = sin s cos t + cos s sin t 
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